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Abstract

The study of stress physiological consequences has gained importance. Accordingly,
prenatal stress is a contributing factor on mammal gestation, causing adaptive disturbances
during offspring adult life. The aim of this study was to analyze the physiological effects
of prenatal stress rats on some skeletal muscle and liver parameters after forced swimming
(FS) exposition. Pregnant Wistar rats were stressed by immobilization (IMO) during the
two last week of pregnancy and male offspring raised in bioterium standard conditions
until 90 days old. Corticosterone (COR), Glycaemia and malondialdehyde (MDA) levels
were studied in all experimental group: Control animals, forced swimming stressed rats
and prenatal stressed animals rats with and without FS stress. The results showed that in
basal conditions COR and Glycaemia levels were increased in prenatal stressed animals.
After an acute exposition to FS, COR significantly increased in prenatal stress and control
groups (without prenatal stress). Glycaemia levels had similar values in all experimental
conditions; however, hepatic MDA levels showed a significant increase in prenatal stressed
rats and the effect was maintained in FS animals. MDA values analyzed in grooved muscle
were higher in prenatal stressed groups, but after FS acute stress, MDA levels increased in
control animals too. In conclusion, IMO prenatal stress causes a change in the regulation of
hypothalamic-pituitary-adrenal axis (HPA), reflected in high basal levels of plasmatic COR
and hyperglycaemia. Moreover, it generates a hyper sensibility to acute stressors caused
in post birth life. Also, prenatal stress produces oxidative stress in liver cells while FS
stimulates this process in grooved voluntary muscle.
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Introduction

Numerous authors have shown the influence of prenatal stress
(PS) and its effects in intrauterine medium. Studies realized in human
revealed that children of mothers suffering difficult conditions during
the third pregnant period showed long term consequences, such as
heart malformations, hearing loss, skeletal abnormalities and low
weight birth.! In rats, PS decreases weight, alters the HPA axis, sex
maturity in males and progeny immune development. These adverse
conditions or suffered stressors in prenatal stress period determine
the offspring epigenome.” In consequence, the stress applied to
female pregnant reorganized the offspring’s HPA axis and produced
hyperactivity in stress system.’

On the other hand, PS had a direct correlation with oxidative
cellular stress (OS).* The OS has been associated to the appearance and
development of diverse illnesses and chronic processes, as diabetes,
obesity and cardiovascular disorders, including arterosclerosis.
Recent studies showed the multiple effects of imbalance in free
radicals production and its counteraction with species ageing; male
infertility caused by damage in the spermatic DNA, neoplastic cells
development or any other inflammatory/degenerative pathology. The

OS is harmful in biological terms when the free radicals production
overcomes the antioxidative endogenous mechanisms.’

Physical exercise represents a model of psychophysical stress due
to the effect on organism homeostasis. Exercise consequences depend
on intensity, duration, type of exercise, stimulus application (acute
exercise vs. chronic exercise) and physiological subject conditions.*”?
Numerous studies showed that intense physical exercise like
swimming'® or races in moving walkways!! modified neurotransmisor
(catecholamine’s) and hormones (cortisol and opioids peptides)
levels, altered modulators of immune function and other physiological
parameters, like blood lipids concentration, cholesterol, blood pressure
and short-term glucidic metabolism. During physical exercise,
muscles produced and released high concentration of proinflammatory
cytokines (TNF-a, IL-1, IL-10) which increased their levels during a
session of acute exercises. Moreover, an intensification of leucocytes,
neutrophils, lymphocytes (T and B) and natural killer cells, monocytes
and plasma concentrations of C reactive protein were described.'> OS
alteration was also observed as a regulated factor in animals exposed
to acute postnatal stress. In this way, Sachdev and Davies (2007),
analyzed muscle and liver homogenates of rats with exhaustive
exercise and found more than 100% rise in hepatic and muscular
malondialdehyde (MDA) levels.

In this context, the aim of this work was to investigate the effects
of forced swimming postnatal stress in prenatally stressed male rats
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on Glycaemia and lipid peroxidation response and their relationship
to the activity HPA axis.

Material and methods
Animals

Albino Wistar rats were grown in the National University of
Rio Cuarto. Five male and 10 female rats were used, the animals
were housed in plastic cages in groups of 3 individuals under the
following conditions: 12h light/12h dark, 22°C, constant humidity,
water and food ad libitum. Male-female (1:2) were mated overnight
and the following morning a vaginal smear was performed and
microscopically examined. The first day of pregnancy was determined
by the presence of sperm in the smear and pregnant females were
located in separate home cages. All animals (pregnant females and
their offspring) were maintained according to the Guide for Care and
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Use of Laboratory Animals and the experiments were approved by the
local Institutional Animal Care Committee.

Prenatal stress

Chronic stress by immobilization (IMO) was applied to the
experimental group of pregnant females. Experimental rats were
stressed during the two last weeks of pregnancy by placement into
immobilization bags. Each female was subjected to 30 min stress
by IMO three times each week at different times in the mornings
of different days (PS). Control female rats were left undisturbed in
their home cages (PC). The offspring were weaned 21 days after
birth and housed in groups of four males by litter and left undisturbed
until testing. Only adult male (90 days-old) from PS and PC groups
were used for subsequent experimentation. Experimental design is
described in Figure 1.
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PC-FS: offspring of contral mothers that received postnatal stress
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Figure | Schematic diagram of the experimental groups used in this research. Pregnant rats were distributed in two treatments: one was housed in control
conditions and the other was subjected to immobilization stress, 30 min during the last two weeks of pregnancy,and three times each week.When male offspring
became adults (90 days old) they were postnatal stressed by FS during 30 min and COR, Glycemia and MDA levels were analyzed.

Postnatal stress

Half of litters of stressed and control mothers (n: 4 per group) were
postnatal stressed. The acute postnatal stress by FS is a single session
of swimming during 20 min, without previous experience, in a pool
of 50 cm long, 30 cm wide and 60 cm deep. Water temperature was
3542°C. After 20 min in water they were removed and experimental
samples were obtained for parameters analysis. This test is based
on the original method of Porsolt et al."* Clean water was used for
each test, due to the behavior rats could be altered if another animal
previously had swum into the pool.'

Blood sample

All the determinations were performed in male offspring at 90
days of age. Blood samples (heparinized tube) were taken between
9 and 12 a.m. immediately after removal from the home cage (C) or
postnatal stress (FS) session. Animals were sacrificed by decapitation,
and COR and Glycaemia levels were determined in heparin plasma
samples.

Corticosterone levels

Blood samples (200-300pl) were collected from control and
stressed litters using the tail clip method. Samples were taken at 90
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postnatal days after acute postnatal stress by FS. COR levels in plasma
were measured by radioimmunoassay (RIA)" using high specificity
rabbit antiserum to COR from Bioclin (Cardiff, UK). Assay sensitivity
was 10pg of COR and inter and intra assay coefficients of variability
were <10 per cent.

Glycaemia levels

Glycaemia levels were carried out through the use of commercial
enzymatic equipment (Wiener Lab, Rosario, Argentina). The
colorimetric method is based on chemical reaction where blood
glucose is oxidized to gluconic acid by the enzyme glucose oxidase.
The hydrogen peroxide produced, in the presence of the peroxidase
4-aminophenazone and phenol, forms a quinoneimine with an
absorption peak at 505 nm. The intensity of the color is proportional
to the concentration of the glucose in the sample.

Malondialdehyde levels

As a marker of lipid peroxidation, the concentration of MDA
in liver or skeletal muscle homogenates was determined by the
thiobarbituric acid reactive substances (TBARS) technique. This
parameter was measured using the original method of Buege & Aust!®
modified for tissues by Marcincak et al.!”

Six hundred to 30% (w/v) of homogenate tissue was mixed with
butylatedhydroxytoluene (BTH) as an antioxidant and trichloroacetic
acid at 15%, stirred and incubated at 90°C for 30min. After cooling
and centrifugation at 2500 rpm (10min), 600ul of supernatant was
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removed and reacted with an equal volume of 0.25N chlorhydric acid
and 0.375% thiobarbituric acid (TBA). The reaction mixture was
incubated again at 90°C for 30min and then reacted with two volumes
of butanol. The colored layer was measured at 535nm using 1, 1, 3,
3-tetracthoxypropane (Sigma, St. Louis, MO, USA) as the standard.

Statistical analysis

Data were analyzed using Statistical Analysis Software (Cary,
USA). Differences between prenatally stressed offspring that were
postnatal stressed or not stressed were analyzed using two-way 2
x 2 ANOVA: the factors were prenatal stress and postnatal forced
swimming. Post-hoc comparisons were performed using Duncan’s
test. The values are expressed as means £+ SEM and p<0.05 was
considered statistically significant.

Results

Effect of prenatal stress on plasmatic and
corticosterone levels after forced swimming postnatal
stress (Figure 2)

COR levels were higher in PS-C and PS-FS compared to their
respectively controls PC-C and PC-FS. Moreover, after postnatal acute
stress by forced swimming PC-FS and PS-FS showed significant high
COR levels (**p<0,005) compared to basal and prenatal stressed rats
groups (PC-C, PS-C). Each column represents the media = S.E.M.
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Figure 2 Effect of prenatal stress and postnatal forced swimming on adult corticosterone levels. Prenatally stressed rats without postnatal forced swimming
stress (PS-C), prenatally stressed offspring with postnatal FS stress PS-FS, control adult male offspring PC-C, control adult male offspring with postnatal FS stress

PC-FS. Bars represent mean + SEM.

Effect of prenatal stress on glycaemia plasmatic levels
after forced swimming postnatal stress (Figure 3)

Glycaemia levels were higher (¥*p<0,05) in PS-C compared to their
control PC-C. Moreover, after postnatal FS stress PC-FS and PS-FS

group had higher levels of plasmatic glucose (**p<0,005) compared
to basal PC-C and prenatal PS-C groups. Each column represents the
media + S.E.M.

Figure 3 showed that prenatal stress PS-C caused a significant
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increase of Glycaemia plasmatic levels (p<0,02). This difference is
minimums after postnatal stress by FS (p:0,77). Besides, postnatal
stress in PC and PS increased significantly Glycaemia levels compared

Copyright:

©2019 Emiliano et al. 229

to basal and prenatal stress respectively PC-C; PS-C. The correlation
between Glycaemia (g/1) and plasmatic COR levels (ug/dl) is positive
(r: 0,7559; p<0,0001).
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Figure 3 Effect of prenatal stress and postnatal forced swimming on adult glycaemia levels (g/l). Prenatally stressed rats without postnatal forced swimming
stress (PS-C), prenatally stressed offspring with postnatal forced swimming stress PS-FS, control adult male offspring PC-C, control adult male offspring with

postnatal forced swimming stress PC-FS. Bars represent mean * SEM.

Effect of prenatal stress on malondialdehyde levels
after forced swimming postnatal stress (Figure 4)

The concentration of MDA in the liver as a marker of the oxidative
damage was bigger in offspring prenatal stress control (PS-C) and
with postnatal stress stimuli (PS-FS) compared to their respective
controls PC-C and PC-FS (Figure 4A). In muscle (Figure 4B), MDA
levels were higher in prenatal stressed rats PS-C and in postnatal
stressed animals compared to basal conditions PC-C and PC-FS.
Furthermore, forced swimming stress showed a significant rise in
MDA concentrations in striated muscle in adult males with respect to
its controls without prenatal stress.

Discussion

The results of the present work confirmed that basal level of
plasmatic COR is higher in prenatal stressed animals compared to
control ones.*'®?2 COR levels in postnatal stressed animals were
shown to be higher than animals that had the same prenatal treatment
but were not forced swimming stress. Glycaemia levels, as stress
marker, showed the same behavior as COR hormone. Prenatal stress
increases MDA levels in liver, values that were not modified by acute
postnatal stress. The same effect was also observed in skeletal muscle.
Conversely, acute postnatal stress per se increases oxidative stress in
striated muscle, effect not observed in liver.

COR is a liposoluble glucocorticoid that pierces the placenta and
strongly interacts with diverse cells and fetus tissue. This hormone
affects fetus adrenal development and generates a bigger relationship
cortex: marrow>? producing long term effects in different organ
systems, such as metabolism, the cardiovascular function and immune
development. Some authors suggest that higher COR levels have been

caused by a decrease of mineralcorticoids (MR) receptors present in
offspring hippocampus,? altering the mechanisms of HPA feedback.
The decrease of corticosteroids receptors would be accompanied by
a higher GC secretion, starting resistance to negative feedback. In
previous works realized in our laboratory, it was observed that the
adrenal cortex suffers histological and physiological changes that
were seen by an increase in the relation cortex-marrow of animals
exposed to prenatal stress.>*

Acute postnatal stress effects are caused by Nervous Noradrenergic
System action on hippocampus because maternal GC would modify
the activity of fetus HPA axis. In this sense, it is known that the PS
increases norepinephrine secretion, noradregenic neurons number
in the locus coeruleus, exerts direct inhibitory control over the
hippocampal glucocorticoid receptor (GR) and stimulates COR
secretion before any stressor to which the offspring is exposed to
PS-ZA 26

Our work showed that postnatal stress by FS in rats produced HPA
hyperactivity. The regulation of the abnormal feedback of the HPA
axis in the offspring would be associated to a decrease of GR number,
receptor involved at least in part in the answer to acute stress.”’” The
increased levels of COR, produced during acute FS, would stimulate
GR downstream mechanism.?® These aspects mentioned before would
allow us to understand the increase of COR peak in animal prenatal
and forced swimming heterotypical stress in their adult lives.

In our experiments, PS animals showed high basal Glycaemia.
These results are similar to the ones obtained in other studies"
which demonstrate that prenatal stress by IMO during the last week
of gestation produced the same effect. This could be the result of
the basal hyperactivity of the HPA axis, since there was positive
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correlation among the plasmatic COR levels and Glycaemia. The
mechanisms by which high COR levels generate hyperglycaemia
are numerous, among them there is the decrease of tissue sensibility
to detect the glucose. The use of glucose at an intracellular level is
also affected by the COR, causing a decrease in the oxidation of
adenine dinucleotide nicotinamide reduced (NADH) to rusty adenine
dinucleotide nicotinamide (NAD+). It is known that the NAD+ is
necessary for the glycolysis.
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Figure 4 Effect of prenatal stress and postnatal forced swimming on adult
liver (A) and muscle (B) MDA levels (nmol/l). Prenatally stressed rats without
postnatal forced swimming stress (PS-C), prenatally stressed offspring with
postnatal forced swimming stress PS-FS, control adult male offspring PC-C,
control adult male offspring with postnatal forced swimming stress PC-FS.

Bars represent mean + SEM.

The increase of Glycaemia, observed in prenatal stressed animals
as in their respective controls without prenatal stress, as response to
an acute stress could be the result of the adrenal sympathetics systems
activation, with the following release of adrenalin. While, in our
experiments the application of acute FS generates hyperglycaemia
that attenuates the basal differences among prenatal stressed and no
prenatal stressed groups. This finding is due to the fact that animals CP
when are exposed to acute stress session have a higher increase of basal
Glycaemia than prenatal stressed animals. The correlation between
COR and Glycaemia levels was positive (r=0,7559, P<0,0001).
Significant evidence shows that rats which have been pushed to a
determined EP assimilate the same stress with less intensity in the
adult life.”*° Consequently, hyperglycaemia levels produced by acute
stress are minor as long as the same stress is repeated. The MDA has
been widely used during many years as an optimum biomarker of
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lipid perioxidation, in fatty omega-3 and omega-6 acids, due to its
easy reaction with TBARS. TBARS is one of the most popular and
trust worthy markers that determines the OS in clinic situations as
heart attack or certain kinds of stroke.*!

As our experiments showed, FS not increase significantly the
values of MDA levels in liver of male adult offspring. The MDA in
basal conditions, are significantly higher in prenatal stressed groups,
revealing a greater oxidative stress level in hepatic cells. These results
coincide with the ones described by Brun N*? in which the authors
described an increase in MDA concentration of homogenate in rats’
liver exposed to prenatal stress. The production of MDA in the striated
skeletal muscle and liver has been studied by other authors with
comparable objectives. Similar results were obtained in determinations
done in striated voluntary muscle of sural triceps (muscular group
with type I isoforms myofibrils), registered a significant increase in
the MDA levels in the group CP-FS compared to the CP-C, increasing
from 20nmoles/g to 45nmoles/g. Furthermore, in prenatal stressed
individuals, FS did not cause an increase in MDA muscle levels. MDA
values in voluntary striated muscle tissue, coincide with the detected
values by Cunningham P*¥; in which after an intense anaerobic
type exercise (sprints of 30 seconds at 30 meters per second and an
inclination of 15°), MDA concentration was raised in the external
long muscle, indicating an increase in the lipidic perioxidation. In the
same study, it has been suggested that acute exercise of high intensity,
applied as a unique stress in time could be a type of prenatal stress due
to the fact that oxidative damage caused by exercise in many tissues
could be reduced by long term high intensity training.

We concluded that prenatal stress by chronic IMO produces, during
the adult life, alterations in basal conditions of the HPA axis function
as shown by COR serum levels. Forced swimming postnatal stress
caused hyper sensibility of HPA showed by major COR secretion in
prenatal stressed animals. In similar way, prenatal stress enhances
Glycaemia levels independently of postnatal condition which could
be associated to the high levels of MDA observed in hepatic tissue. In
voluntary striated muscle, lipid peroxidation is produced by prenatal
and postnatal stress treatment but an atopic postnatal stress situation
does not modify MDA levels in prenatal stressed animals.

Acknowledgments

None.

Conflicts of interest

The authors declare there are no conflicts of interest.

References

1. AscensdoA, Ferreira R, Magalhaes J. Exercise-induced cardioprotection-
biochemical, morphological and functional evidence in whole tissue and
isolated mitochondria. /nt J Cardiol. 2007;117(1):16-30.

2. Nepomnaschy PA, Welch K, McConnell D, et al. Cortisol levels
and very early pregnancy loss in humans. Proc Natl Acad Sci U S A.
2006;103(10):3938-3942.

3. Mayer N, Greco C, Bertuzzi M, et al. Immobilization stress responses
in adult rats exposed in utero to immobilization. Stress Health.
2010;27(2):1-10.

4. Chen Cardenas SM, Mayer N, Romanini M, Rolando A, et al.
Reproductive response in offspring male rats exposed to prenatal stress
and to early postnatal stimulation. Rev [Internacional Morfologia.
31:754-764.

Citation: Emiliano S, Cecilia LA, Karen B, et al. Effect of prenatal stress and forced swimming acute stress on adult rat’s skeletal muscle and liver MDA levels.

MOJ Anat & Physiol. 2019;6(6):226-231. DOI: 10.15406/mojap.2019.06.00277


https://doi.org/10.15406/mojap.2019.06.00277
https://www.ncbi.nlm.nih.gov/pubmed/16860886
https://www.ncbi.nlm.nih.gov/pubmed/16860886
https://www.ncbi.nlm.nih.gov/pubmed/16860886
https://www.ncbi.nlm.nih.gov/pubmed/16495411
https://www.ncbi.nlm.nih.gov/pubmed/16495411
https://www.ncbi.nlm.nih.gov/pubmed/16495411
https://www.ncbi.nlm.nih.gov/pubmed/27486619
https://www.ncbi.nlm.nih.gov/pubmed/27486619
https://www.ncbi.nlm.nih.gov/pubmed/27486619
https://scielo.conicyt.cl/scielo.php?script=sci_abstract&pid=S0717-95022013000200065&lng=es&nrm=iso&tlng=en
https://scielo.conicyt.cl/scielo.php?script=sci_abstract&pid=S0717-95022013000200065&lng=es&nrm=iso&tlng=en
https://scielo.conicyt.cl/scielo.php?script=sci_abstract&pid=S0717-95022013000200065&lng=es&nrm=iso&tlng=en
https://scielo.conicyt.cl/scielo.php?script=sci_abstract&pid=S0717-95022013000200065&lng=es&nrm=iso&tlng=en

Effect of prenatal stress and forced swimming acute stress on adult rat’s skeletal muscle and liver MDA
levels

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Arquer A, Elousa R, Marrugat J. Physical activity and lipid oxidation.

Apunts. Medicine de [Esport. 2010;45(165):31-40.

. Barbany J. Physiology of fasic exercise and training (sports). st ed.

Editorial Paidotribo. Afio de edicion: 2002:192.

. Barbany J. Physiology of physical exercise and training. 2nd ed.

Editorial Paidotribo. Afio de Edicion; 2014:192.

. Willmore J, Kenney W, Costill D. Fisiologia del deporte y el ejercicio.

5th ed. Editorial Panamericana; 2014:575.

. Katch V, William D, Katch F. Fisiologia del ejercicio. Fundamentos. 4th

ed. Editorial Panamericana. Afio de edicion; 2017:702.

Levay EA, Govic A, Hazi A, et al. Endocrine and immunological
correlates of behaviorally identifed swim stress resilient and vulnerable
rats. Brain Behav Immun. 2006;20(5):488-497.

Ferry A, Picard F, Duvallet A, et al. Changes in blood leukocyte
populations induced by acute maximal and chronic submaximal
exercise. Eur J Appl Physiol. 1990;59(6):435-442.

Walsh NP, Gleeson M, Shephard RJ, et al. Position statement. Part one:
Immune function and exercise. Exer Immunol Rev. 2011;17:6-63.

Porsolt RD, Anton G, Blavet N, et al. Behavioural despair in rats: a
new model sensitive to antidespressant treatments. Eur J Pharmacol.
1978;47(4):379-391.

Abel EL. Physiological effects of alarm chemo signal emitted during the
forced swim test. J Chem Ecol. 1993;19(12):2891-2901.

Armario A, Daviu N, Mufioz A, et al. What can we know about pituitary
hormones about the nature and consequences of exposure to emotional
stressors?. Cell Mol Neurobiol. 2012;32(5):749-758.

Buege JA, Aust SA. Microsomal lipid peroxidation. Methods Enzymol.
1978;52:302-310.

Marcincak S, Sokol J, Turek P, et al. Comparative evaluation of
analytical techniques to quantify malondialdehyde in broiler meat. Bull
Vet Inst Pulawy. 2003;47:491-496.

Liaudat A, Rodriguez N, Vivas A, et al. Effect of early stimulation on
some immune parameters in a model of prenatally stressed rats. Int J
Phys Sci. 2012;4(3):73-82.

Rabasa C, Delgado-Morales R, Mufioz-Abellan C, et al. Adaptation
of the hypothalamic-pituitary-adrenal axis and glucose to repeated
immobilization or restraint stress is not influenced by associative
signals. Behav Brain Res. 2011;217(1):232-239.

Accorsi P, Carloni E, Valsecchi P, et al. Cortisol determination in
hair and faeces from domestic cats and dogs. Gen Comp Endocrinol.
2008;155(2):398-402.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Copyright:

©2019 Emiliano etal. 231

Bartolomucci A, Pederzani T, Sacerdote P, et al. Behavioral and
physiological characterization of male mice under chronic psychosocial
stress. Psychoneuroendocrinology. 2004;29(7):899-910.

Liaudat A, Rodriguez N, Chen S, et al. Adrenal response of male rats
exposed to prenatal stress and early postnatal stimulation. Biotech
Histochem. 2015;90(6):432—438.

Klemcke H. Placental metabolism of cortisol at mid-and late gestation of
swine. Biol Reprod. 1995;53(6):1293—1301.

Maccari S, Piazza PV, Kabbaj M, et al. Adoption reverses the long-term
impairment in glucocorticoid feedback induced by prenatal stress. J
Neurosci. 1995;15(1 Pt 1):110-116.

Seckl JR, Holmes MC. Mechanisms of disease: glucocorticoids, their
placental metabolism and fetal ‘programming’ of adult pathophysiology.
Nat Clin Pract Endocrinol Metab. 2007;3(6):479-488.

Karst H, Berger S, Erdmann G, et al. Metaplasticity of amygdalar
responses to the stress hormone corticosterone. Proc Natl Acad Sci.
2010;107(32):14449—-1454.

Maccari S, Darnaudery M, Morley-Fletcher S, et al. Prenatal stress
and long-term consequences: implications of glucocorticoid hormones.
Neurosci Biobehav Rev. 2003;27(1-2):119-127.

De Kloet ER, Fitzsimons CP, Datson NA, et al. Glucocorticoid signaling
and stress-related limbic susceptibility pathway: about receptors,
transcription machinery and microRNA. Brain Res. 2009;1293:129—
141.

Armario A, Restrepo C, Lopez-Calderon A. Effect of a chronic stress
model of depression on basal and acute stress levels of LH and prolactin
in adult male rats. Biol Psychiatry. 1988;24(4):447—450.

De Boer SE, Van der Gugten J, Slangen J. Plasma Catecholamine and
corticosterone responses to predictable and unpredictable noise stress in
rats. Physiol Behav. 1989;45(4):789-795.

Giera M, Lingeman H, Niessen M. Recent advancements in the LC-
and GC-based analysis of malondialdehyde (MDA): a brief overview.
Chromatographia. 2012;75(9-10):433-440.

Brun N, Liaudat AC, Rodriguez N. Estrés prenatal: Efecto sobre los
parametros del Sindrome Metabolico. Regulacion de la glucemia,
metabolismo lipidico y estrés oxidativo. Editorial Academica Espanola,
2019:92.

Cunningham P, Geary M, Harper R, et al. High intensity sprint training
reduces lipid peroxidation in fast-twitch skeletal muscle. J Exerc Physiol
Online. 2005;8(6):18-25.

Citation: Emiliano S, Cecilia LA, Karen B, et al. Effect of prenatal stress and forced swimming acute stress on adult rat’s skeletal muscle and liver MDA levels.
MOJ Anat & Physiol. 2019;6(6):226-231. DOI: 10.15406/mojap.2019.06.00277


https://doi.org/10.15406/mojap.2019.06.00277
https://www.apunts.org/es-actividad-fisica-estres-oxidativo-articulo-X0213371710489829
https://www.apunts.org/es-actividad-fisica-estres-oxidativo-articulo-X0213371710489829
https://www.scribd.com/book/282788891/Fisiologia-del-ejercicio-fisico-y-del-entrenamiento
https://www.scribd.com/book/282788891/Fisiologia-del-ejercicio-fisico-y-del-entrenamiento
https://www.abebooks.com/servlet/BookDetailsPL?bi=14996581396&searchurl=isbn%3D9780736087728%26sortby%3D17&cm_sp=snippet-_-srp1-_-title8
https://www.abebooks.com/servlet/BookDetailsPL?bi=14996581396&searchurl=isbn%3D9780736087728%26sortby%3D17&cm_sp=snippet-_-srp1-_-title8
https://www.abebooks.com/servlet/BookDetailsPL?bi=30411264615&searchurl=isbn%3D9788498354805%26sortby%3D17&cm_sp=snippet-_-srp1-_-title3
https://www.abebooks.com/servlet/BookDetailsPL?bi=30411264615&searchurl=isbn%3D9788498354805%26sortby%3D17&cm_sp=snippet-_-srp1-_-title3
https://www.ncbi.nlm.nih.gov/pubmed/16309884
https://www.ncbi.nlm.nih.gov/pubmed/16309884
https://www.ncbi.nlm.nih.gov/pubmed/16309884
https://www.ncbi.nlm.nih.gov/pubmed/1968005
https://www.ncbi.nlm.nih.gov/pubmed/1968005
https://www.ncbi.nlm.nih.gov/pubmed/1968005
https://www.ncbi.nlm.nih.gov/pubmed/21446352
https://www.ncbi.nlm.nih.gov/pubmed/21446352
https://www.ncbi.nlm.nih.gov/pubmed/204499
https://www.ncbi.nlm.nih.gov/pubmed/204499
https://www.ncbi.nlm.nih.gov/pubmed/204499
https://www.ncbi.nlm.nih.gov/pubmed/24248783
https://www.ncbi.nlm.nih.gov/pubmed/24248783
https://www.ncbi.nlm.nih.gov/pubmed/22392360
https://www.ncbi.nlm.nih.gov/pubmed/22392360
https://www.ncbi.nlm.nih.gov/pubmed/22392360
https://www.ncbi.nlm.nih.gov/pubmed/672633
https://www.ncbi.nlm.nih.gov/pubmed/672633
http://www.piwet.pulawy.pl/doc/biuletyn_47-2/27-marcincak.pdf
http://www.piwet.pulawy.pl/doc/biuletyn_47-2/27-marcincak.pdf
http://www.piwet.pulawy.pl/doc/biuletyn_47-2/27-marcincak.pdf
http://www.ccsenet.org/journal/index.php/ijps/article/view/15683
http://www.ccsenet.org/journal/index.php/ijps/article/view/15683
http://www.ccsenet.org/journal/index.php/ijps/article/view/15683
https://www.ncbi.nlm.nih.gov/pubmed/20937327
https://www.ncbi.nlm.nih.gov/pubmed/20937327
https://www.ncbi.nlm.nih.gov/pubmed/20937327
https://www.ncbi.nlm.nih.gov/pubmed/20937327
https://www.ncbi.nlm.nih.gov/pubmed/17727851
https://www.ncbi.nlm.nih.gov/pubmed/17727851
https://www.ncbi.nlm.nih.gov/pubmed/17727851
https://www.ncbi.nlm.nih.gov/pubmed/15177705
https://www.ncbi.nlm.nih.gov/pubmed/15177705
https://www.ncbi.nlm.nih.gov/pubmed/15177705
https://www.ncbi.nlm.nih.gov/pubmed/25867787
https://www.ncbi.nlm.nih.gov/pubmed/25867787
https://www.ncbi.nlm.nih.gov/pubmed/25867787
https://www.ncbi.nlm.nih.gov/pubmed/8562684
https://www.ncbi.nlm.nih.gov/pubmed/8562684
https://www.ncbi.nlm.nih.gov/pubmed/7823121
https://www.ncbi.nlm.nih.gov/pubmed/7823121
https://www.ncbi.nlm.nih.gov/pubmed/7823121
https://www.ncbi.nlm.nih.gov/pubmed/17515892
https://www.ncbi.nlm.nih.gov/pubmed/17515892
https://www.ncbi.nlm.nih.gov/pubmed/17515892
https://www.ncbi.nlm.nih.gov/pubmed/20663957
https://www.ncbi.nlm.nih.gov/pubmed/20663957
https://www.ncbi.nlm.nih.gov/pubmed/20663957
https://www.ncbi.nlm.nih.gov/pubmed/12732228
https://www.ncbi.nlm.nih.gov/pubmed/12732228
https://www.ncbi.nlm.nih.gov/pubmed/12732228
https://www.ncbi.nlm.nih.gov/pubmed/19332027
https://www.ncbi.nlm.nih.gov/pubmed/19332027
https://www.ncbi.nlm.nih.gov/pubmed/19332027
https://www.ncbi.nlm.nih.gov/pubmed/19332027
https://www.ncbi.nlm.nih.gov/pubmed/3408761
https://www.ncbi.nlm.nih.gov/pubmed/3408761
https://www.ncbi.nlm.nih.gov/pubmed/3408761
https://www.ncbi.nlm.nih.gov/pubmed/2780849
https://www.ncbi.nlm.nih.gov/pubmed/2780849
https://www.ncbi.nlm.nih.gov/pubmed/2780849
https://www.ncbi.nlm.nih.gov/pubmed/22593603
https://www.ncbi.nlm.nih.gov/pubmed/22593603
https://www.ncbi.nlm.nih.gov/pubmed/22593603
https://www.iberlibro.com/servlet/BookDetailsPL?bi=30411586346&searchurl=sortby%3D20%26tn%3Dregulacion%2Bmetabolismo&cm_sp=snippet-_-srp1-_-title24
https://www.iberlibro.com/servlet/BookDetailsPL?bi=30411586346&searchurl=sortby%3D20%26tn%3Dregulacion%2Bmetabolismo&cm_sp=snippet-_-srp1-_-title24
https://www.iberlibro.com/servlet/BookDetailsPL?bi=30411586346&searchurl=sortby%3D20%26tn%3Dregulacion%2Bmetabolismo&cm_sp=snippet-_-srp1-_-title24
https://www.iberlibro.com/servlet/BookDetailsPL?bi=30411586346&searchurl=sortby%3D20%26tn%3Dregulacion%2Bmetabolismo&cm_sp=snippet-_-srp1-_-title24
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10979751&AN=22291347&h=VaMq87S6Jj9%2bwmpQn9UvG2l8sYMJ%2bcHnnAMZlVEbSoS4JJkWuLJrDrOwl0CQwAx8F4lPZRkkptciyloY6AGNxw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d10979751%26AN%3d22291347
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10979751&AN=22291347&h=VaMq87S6Jj9%2bwmpQn9UvG2l8sYMJ%2bcHnnAMZlVEbSoS4JJkWuLJrDrOwl0CQwAx8F4lPZRkkptciyloY6AGNxw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d10979751%26AN%3d22291347
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10979751&AN=22291347&h=VaMq87S6Jj9%2bwmpQn9UvG2l8sYMJ%2bcHnnAMZlVEbSoS4JJkWuLJrDrOwl0CQwAx8F4lPZRkkptciyloY6AGNxw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d10979751%26AN%3d22291347

	Title
	Abstract 
	Keywords:
	Abbreviations: 
	Introduction
	Material and methods 
	Animals 
	Prenatal stress 
	Postnatal stress
	Blood sample
	Corticosterone levels 
	Glycaemia levels
	Malondialdehyde levels 

	Statistical analysis 
	Results 
	Effect of prenatal stress on plasmatic and corticosterone levels after forced swimming postnatal str
	Effect of prenatal stress on glycaemia plasmatic levels after forced swimming postnatal stress (Figu
	Effect of prenatal stress on malondialdehyde levels after forced swimming postnatal stress (Figure 4

	Discussion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Figure 2 
	Figure 3
	Figure 4

